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THE GENUS RHIZOOTOI^IA IN INDIA. 


BY 

F. ,T. F. SHAW, B.Sc. (Loud). 

AND 

S. L. AJREKAB. R.A.. Dip, A.cv. {(\minh.) 

The genus Tiknoctonia lias atti-actod considerable attention in recent 
years in India. Europe and, particularly, in Aineiica. The pri'vious work’ 
in this country was concerned chiefly wuth the loi-in Sohmi Kiihn, which 
.was shown to be the cause of extensive damage to jute, cotton, and other 
crops. Moreover cross inoculations bctNveen difl'erent hosts revealed Hie 
jiresence of a specialization in the parasitism of this fungus analogous to that 
so well known in Puccinm and Erijsiphp. The present paper describes two 
species of Rhizoefonin of some economic importance in India and jiiTsenting 
a few points of general scientific interest. It is nniiecessar)' to recaj)itulate 
here the historical information relating to this genus which has licen simi- 
itiarized in a previous coinmunicat ion.’ 

Hit izorfotrio Xapi W est . 

In January 19M, the state of the mustard ('ro]i in one field of tin' Ihisa 
Farm indicated the presence of a virulent disease. The crop was about three 
feet liigh and ^vas well developed, hut the stems.. ])ods, leaves, in fact all 
jiarts of the plant, were covered with a thick white growth of mvcellmn. 
This produced a dry rot at the nfccted area and as n result a large niimbei' 
of plants were lying prone on the ground with bf'ut and bioken stem.', hi 
the majority of cases the patches of mycelium contained sclerotia. Tliesu 
were large white aggregations of hypliau wliicli ultimately turned black on 
the outside ; thev were ronnnon in the cavity of the pitli and inside the pods. 
The striking point about this parasite was its omnivorous nature : in fa(‘l 

I Shaw, r. J. F. “ Moi'jihcilo^y anti FarasitiMii (if ■Rliizoritoiiia," Mm> 

Botanical series, Vol. IV, No, C, 1012. 
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the fungus appra-iod to spi'ead upon all living plants in the vicinity of th,. 
inustai’d as the tolhtu ing list of hosts will show ; 


An)(ii'<niflnii< /y’/.s7?,s- 

Argvmom’ 'ii}e:ncana 
Areu(( 

Beta lu‘i}ffaJ<Ah‘<iA 

Btassini ranrpes{ri.<< var. ghvea 

(laluwmiha 

(,V<a'/?o/n.v stiiiat 

Vhen opoili n in alhu in 

C<c('f (irii'limnn 

(^inrns arreihsis 

Fniiiar in jw ft' iff or n 


HnnUnan i'liUfnre 
Lfiihjrus aatiinis 
JjCn.‘i rficnlevln 
Lmr-as 

Lin nin n,s‘ifaf isshn nm 
Mediengo JnpnlifKf 
Pi.snin i^aiirnm 
Scoparia (hdcis 
Tfilicnm nilyare 
Viria hirsida 


A second outbreak of this disease took place in February 1915, when a 
small field of grain was attacked, in this case the fungus occiiircd ehiellv 
on the pods {PI. T. fig. 2.), which t unted white and became filled with the 
fungus. The same parasite has also been found attacking cruciferous plants 
(e.g., EripiU\n\u) in gardens in which the soil had been heavily manured with 
cattle manure, and the fact that tlie field of niu.stard on which it first 
appeared in Pusa had also I'eeeived heavy aj^plications of organic manures 
suggests that the outbreak of the disease is favoured by this treatment. 
The infection might pass into the soil witli tlie nianuie or the latter niav 
merely create the conditions which are neeessarv for tlie rapid development 
of a fungus hitlieito dormant in the soil : tlie lowering of the power of 
disease resistance in a crop whicli results from heavy nitrogenous manuring 
is well knon n. 


'Inocnlatinns upon glucose agar niedmnP resulted in a. rapid growth 
of the fungus and the prodnetion of nnmeious scleiotia (PI. VI, fig. II). Tlie 
hyphm were of the typical Rhizociomt form, the braiicheB of the mycelium 
being characterized by the basal constriction and transverse wall (PI. V, fig. 1) 
so well knowm in other species ; the cells were about 160;i. long and 16^i broad 
but showed great variation in size, The sclerotia were irregular round bodies 
black on the outside and white in the interior (Pi. II, figs. 2, 3) ; they were about 


1 Extract ot Lcinco 
Soitinm chloride 
Ueptone 
filllCOSO 
Agar 
Water 


•i grms. 


10 „ 
20 

J5 „ 

1000 C.O, 
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•j to 5 (liaiiieter. but by sevt'ral sckTotia ublKuin;^ tA^^ether fonipitfsiio 

!,o(lios up t<i 1 or 2 cm. may be t'oriued. The selorotia f‘oi\8i«t of livpiui* li^litly 
A()Voa tog<*ther. of which the outer two or three layers have divideil up imu 
small thick-walled black rectangular cells forming a protective coveriuit to 
the softer tissues of the intmaor (PI. IL fig. f). A comparison of tin* scleroiia 
aiici hypline with the known species of J^hi-.ocfi'nna suggested (hat this parasite 
was Rhi^oclonia Napi West, a fungus which was jirst idenlilled upnii 
!h'(iSHic/f Napus at Courtrai in Hclgiutn,' (Irowth upon glucos(‘ agar was 
very vigorous a.iid tlie sanu* may be said of French heaii- and oat juict‘“ 
agar ; on the two latter media a spore form was produced, tlie ))i'csetK:(‘ of 
which was particiilaiiy interesting in view of the recent work on the 
nature of RhizoHoma. Modern evidence-' has shown that the perfe(>l stage 
of Rhizofionia is, in some forms at least, a basnljonivi'cte belonging ti:i tin' 
genus Coi'ticiiuii. The spore form produced on Frciicli bean agai' cultures 
of R. Napi has however no relation to Rorliciini). A fertile liypha of the 
myceliiim hear.s mimci’ous sliort brauclics whicli terminate in small sj)licriral 
colonrlc.ss coindia (PI. V. figs. 1, 2, 4); sometimes the conidiophor(‘s liranch 
again tlicniselve.s. the ends of the secondai'V branches bearing tlw sj^ores. Jn 
other cases the conidiophores arc collected m a den.sc Im.shy terminal growth 
at the apex of a thick hvpha. The wliole morphology of this fertile stage 
.strongly suggests the genus Bolrfflis. Tlic sliort thick conidiophores are 
swollen at the base and taper to a point at tlic distal imd bearing the spore. 
The spores are spherical hyaline bodies about 4^^ in diametci' in the examples 
illustrated in this paper, but cases have been obseinna! in old cultures ot 
8-12/1 in diameter. The conidiophores vary in fengtli IVom fi// in (hecas<‘ol 
short unbraiiched individuals up to 2U in the longer branclicd bums. 

The spore form very rarely occurred on giueose agar, ait hough nuniei'ous 
inoculations were made upon this medium from a mycelium containing tcrlile 
branches. A sn b-cnlture upon French bean aga i' from a very young glucose agar 
culture, containing only about iin growth of typical hyphie. prixliiced the spore 

1 Saccardo, P. Sijli- Fnn<j-, Vui. XIV, yi- Utti, ISO!). 

Ta4e oO grms. of cru-diod French )k'i\ii's <>r o;Us and boil willi o'lu e.e. -wivirr l'..r I hour ntul 
'irain through a wire gauw. Dissolve K) grins. nl agar iu -Ub e.f. w.iti'r. add diToctioo and 
h(‘at to mix thoTou'ihly. 

Rolfs, F. M. Colorado Agric^ Call. Ball- Td, l!>0A BnU. !)!, l!li)4. 

Oiissow, H. T. Beitrag zur kennfnkv des Rarfoffel Diindt'.;, Cnrlir! i‘tn !>■ va.-. 

Zeits f. Pflfur<.fnb-aHlii, Vnl. XVf, l!>i)i';. 

Puthybrldge, (. 1 . H. “ fnvestigatinus on Pulato IJisoaM-s. " Jnn.rn. Dr/>(. A<jrk Tick, hid., 
Irdantiy VoU XT, 1910-11. 

Shaw, loc, ci'i. 
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form altlumgh parent glucose culture never did so ; in only one case, thai 
of a culture from a diseased gram plant to glucose agar, did the spore forin 
f)CCMr on this nieditinu Moreover the fact that in cultine it was.pcssible o 
trace the fcM'tile liyph.T- in organic connection with hyphge which had tin 
typical branching of Wihoclonm hyphae (PI. V, fig. 4) shows that the fertile 
form is part (ff llio sclerotial fungus and not an impurity in culture a. s 
might have been suspected. 

The growth of the fungus in agar culture continued quite vigorouslv 
up to the month of April, About this time it was noticed that the vigour 
of subcultures was declining, and in some cases no groudh was obtained. 
At the same time the mycelium of older cultures began to turn black. Various 
devices were tried to imluce the fungus to grow and it was iinaily discoveidl 
that temperature was the limiting factor. On transf erring the cult ores to a 
cool incubator at growth continued in a normal manner ; the cultuivs 

were maintained in the cool incubator through the hot weather and weie 
finally resumed in the open air m October. The average moiithlv temperatuie 
of the Mycologicai Laboratory during 1914 at Pusa was as follows 



"C. 


T. 

January , . 

.. 17 July 


.. 31 

February. . 

, . 22 August . . 


.. 28 

March 

. . 20 Septendu'r 


.. 29 

April 

, . 29 Octobei' 


.. 27 

May 

. . 30 November 


.. 23 

June 

. . 32 December 


.. 18 


The maximum temperature for the growth of U, 'Najn would therefore 
seem to be about 29"C. 

In order to test the temperature relations of this fungus an experiment 
was made in which cultures w'ere placed in incubators at different tempera- 
taros, n;., 23 , 29', 32T. At the lower tempeiatuie 23''C. growth was strong 
both upon glucose agar and French bean agar. At 29''C growth was much 
weaker and sclcrotial formation was slight; at 32‘'C growth was practically 
entirely inhibited. At the high temperatures tlie fungus turns a brown black 
colour in culture* This experiment therefore indicates 29‘'C as about the point 
at which the degree of temperature has a markedly inhibitory effect on the 
growth of R. l^a'p’i, while at 32*^0, and upwards growdh may be considered 
impossible. Since exposure to a temperature of 29’^C. and upwards inhibits 
the growth of the fungus it is obvious that it can only occur as a serious para- 
site on the plains during the cold w^eather. On the other hand, it is by no mean? 
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iin-taiii that the heat of the hot weather ami rains is sullieienf to kill the funu'us 
oven when eiidurecl for a long period. During the month .lune. ciilinres 
.‘.eased grotvth when kept for several weeks nt the ordinary lahoratorv tem- 
perature (from but commeneed growtli again wlieu placed in an 

incubator at 20''C. In a second experiment culturetj were kept at ’JUC. 
and iV2^(k for -18 hours, atthe expiration of which there was a very slight growth 
in the tube at 29'C.. a?id were then tra?}sferred to a t(‘mperar{ire of ami 
examined again after 48 hours. Growtli wasresunu'd strongly at the Inwcr 
temperature but the tube whicli liad been kept at did not gwe sucli a 

good growth as that from 21) ('. 

The temperature of the soil in India has fci-cntly l)i‘cn the Mii)jcrt of in- 
vestigatioid and the following statement shows flic approximate axeraLO* 
temperatiua's tliroiighoiit the y(‘ar at depths of 2". d". 12". Is". 21" in tho il 
at Pusa. 



- 


b' 


12" 

IS 



’r 

!\IoiUh 

Maxi 

Mini 

Maxi Mini 

Max 

-Mini 

Uaxi- 

Mini 

\):ixi 

Mini* 


nniiTi 

niiim 

iniiTii iriuij 

itiiuii i mniii 

tiHim 

mmii 

III inn 

niiiui 


(j. 


('. V 

(3 

C 

C. 

{’ 


(.:. 

.Tan nary 


11 

U) : 14 

lb 

17 

17 

17 

IS 

IS 

Feliiiiary 

e? 

15 

23 17 

21 

19 

•211 

1(1 

2(1 

•jn 

March 


17 

28 1 2U 

25 

-82 

25 

25 

25 

23 

Af'ril ... 

5(5 1 

22 ! 

1 31 ' -24 i 

28 

, 20 

I 27 

27 

27 

•'7 

May 

... 59 

2S 

35 ; 30 : 

32 

: 31 

! 51 

, 31 

31 

51 

.Fnne 

39 

29 

1 55 , 51 

31 

32 

; 53 

( 53 

55 

.33 

July ... 

55 

! 2S 

i 53 i 29 

5b 

3M 

1 -k 


51 

31 

All°[Uht .. 

... 5.5 

; 28 

' 52 : 29 1 

.31 

,51 

31 

* 31 

3l 

51 

Scpt,f>iiiber 

35 

! 27 

1 33 29 1 

! 

30 

1 5(1 

23 : 

' 31 

51 

Oi^tober... 

55 

i 2-1 

1 52 27 

: 30 

29 

1 -29 

; 29 

.3(1 

:;(» 

November 

'll 

■ 17 

! 2.5 : 20 

! 25 

' 22 

‘ Si 

i 25 

■21 

21 

December 

23 

: 12 

•20 ; 15 

18 

18 

19 

! 19 

20 

2b 


It is clear from the above table that U. Ah/pf is in<'a])a))le of growth in 
the first 24 inches of Pusa soil from Mav to Oetoi)ei. and indeed the high 
temperatures experienced in ilie upper layers of the soil nnght sufliee to kill 
the fungus, but, from the facts detaihal above, it is evident tliat the fungus 
might be capable of withstanding prolonged exposure to the temperatures 
which occur at depths below 18" from the surface, and tlius surviving until 
the jiext cold w*cathcr when vegetative growth is agaiji possible. Wc must 
be cautious however in making a comparisoji between a fungus enduring a high 
temperature in a culture tube with an abundant supply of food and moisture 
and one meeting the same degree of tenipeiuture in the Indian soil under 
natural conditions when extremes of heat and drought trec[iieutly coincide. 

^ Leather J. W. “ fdyil Tc'miK'iMluws." Mkuu A^jr, IndUi, CYteWrCrtf «eoc<>, Vol, IV, 

No. X. 1915. 
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Infections frSin agar culture, upon mustard (PI. I, fig. 1) and graiii 
plants were invariably .successful, tbe death of the host taking place in even 
case ; the fungus ftjnncd a copious growth on the exterior of the stem, as wel! 
as penetrating within, and numerous sclerotia. together with the spore stagf“. 
were formotl. Fiajin the diseased jdanta the fungus was again isolated in piiii' 
cultures whore it again produced the spore form. 

Rhizocionid desimens Pass. 

This fuiigu.s wa.s first noticed in duly. 1912, when it appeared on rotting 
]>otato tubers seut from storage at Bankijiore. The diseased potatoes weiv 
rather soft and showed thick white strands of mycelium and brown scleiotiji 
on the external surface. The tulnu's were incubated in a moist chamber ami 
gave a very copious growth of wliiteJiypJia^ (PI. IV, fig. 2} : the hyphse showed 
H tolideiicy to become united in stra/ids wliieh made the mycelium very tougli 
and gave it a fairly cliaructeristic appearance. The branching of the hyphu' 
followed the characteristie foini of Rkizodonia and clamp connections 
were very numerous. The sclei’Otia were formed in abundance, were light 
brown in colour and of fairly regular spherical shape about 1-2 mni. (PI i\. 
figs, 2, 2>) ill diaiuetei'. In section the sclerotia sliowcd a white interior, 
surrounded liy a thin brown outer layer consisting of two or three hy[>lia> 
lUvidcd up into rectangular tliiek walled cells. At the time wheiithisparasitc 
was first collected it was not identified w'ith any certainty ; the fungus wa.'- 
obviously not the saoK' as the R, fSohnn Kulu), which had been found previously 
on rotting potatoes, hut the nuitter was finally decided in February: 1913 wlien 
.specimens of Ddphiirhfai. suffering from the same fungus, were received from 
Alipore. Calcutta. The fungus was obtained in culture from the DdphmiiUfi 
ami showed a strict agreement with that on the potato. A comparison of 
tlie parasite with the description of R. Tass., fii st described by Tassi 

on Delphinium in the botanical garden at Siena in Italy, left no doubt as 
to the identity of the fungus. Infections from glucose agar upon healthy 
uninjured Dolplriiiium plants (PI, 111,, fig. 1) gave ^ 

(lavs. tSince niakijjg fh(> above oljsei'vations tin* fungus Ijas appeared as .-i 
^■irulcnt jaira-site of dilfej'cjit crops in various parts of India. 

(1) Betel vine {Pipe/’ belle) is .seriou.sly damaged both in Bengal and 
Bombay (PI. UI, hg. 2). In Bengal the disease occurs in the vicinily of 
Bogra. during the lainy season, and in Bombay it is coiiimoji ij\ the clistrid 
of >{asik and also occurs in Dhaiwar and Ihdgauni. The fungus attack.s 
the plants at about the level of the collar (PI. Ill, tig. 2) and below the 

1 tSu-.-ci.di). i’ sV/. Fiipf/.. V'.i. NVi.ii. um. 
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<oil. wiiere it sets up an extensive rot in the stem swiltW leadinii t«> the 
aeath of the whole vegetative portion above ground. The whole of tli.- 
lOtted portions of the plajit become covered with a thick weft of lu pha- willi 
luiinerous sclerotia. From a disensed plant it is easy to oldain tin* fuimois 
m culture; its form in culture (IT. VT hg. 1) does not diher from that on the 
host and agree.s with that .seen previously upon ])otato and Del jihiiiinm. 
Cultures of the fungus from llojnbay Presidency sometimes sliowed the 
sclerotia sliglill}^ stalked and tlie same thing was also noticed on iliseastal 
betel vines from Rogra. This agrees exactly with Tassi's original description 

as given in Saccardo Tubcrcidis interdinn minute uml>ilicatis.“ 

Sometimes this feature is so marked that the sclerotia take tin- I'onn of dub 
shaped bodies, recalling the sclerotia of Xi/lnrin. ij) tlii.s stale tliev ofle)» 
remain white in colour and never bet'oine brown ; ociaisuniallv tlte .M-h'rotia 
become fastened together in clum])S -a common feature in (liis genii.'^. Inoeu- 
hitioiis from agar cultures upon betel vine were \-erv successful iioth at Ihisa 
and at Pooiia. the infected plants dying iu every case witti a copious de\ t‘loj»-- 
uient of the fungus. No trace of a perfect stage was iwei' fomul. A basi* 
diomveete, identified with Dadalcu, was found closdy assodalud with 
Rlikodonin deshucKS on betel vine, and on stems of Sesbatnu (itjiifitint, grown 
as support.s for the vine, hotli in Nasik and (kdgaum, Rut no orgaiiic 
connection could be traced between tin' two nor did successiul iiiocidalion 
witli R. dedmena on HcsUntdi succeed iu ]jro(!uciiig the 

(2) Potato {SolaxinH lidjefoston). As aha'udv itH-ntioiied tlie potato 
is liable to disease owing to this fungus (IT. IW tig.^^, 2. if), fmlfilia.r the 
parasite has appeared chiefly as a rot of stored jutlalo. but in Ihe \ieiiiily 
of Poona it is a frequent cause <if trfuible to tlie giow dig crop. The uhkIc oI 
attack is exactly similar to that observed in the betel vine, the poition ol tlie 
■stem at the ground level, and the subterranean ])arts of the plant, hreoming 
covered with a weft of livplia' with sclerotia (IT. lA . tig. if). I his is lollowaal 
l)v the rotting of these parts and by tlie drying and In-owning ol the leaves; 
the attack Is tisually late about six w<vk.s alter tlic plaiding ol the 'IJju 

tubei's from di.seasod plants are n])])arently sound althougli smalle)- than 
those from healtliv plants but (asi'.s have been lonnd in wliic!) appaienlly 
H(umd tubers from diseased plants lia\e Im-cii intecled w'iiii the mycelium 
through their attacliinent to tiie liarent stem. The exju-rienee wtlli sl«ire<i 
jiotatoes ill I'bhai’ sho^^■s that tubers Irom a diseased crop are probaldv inle<-led 
with the fungus. The ns(-' <»f a wash ol standard (•oirosiv(’ sublimate, eombihed 
W’ith proper precautions m storage, would certainly go lar towards lessi'miig 
this disease in store. 
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Inoculations* upon potato tubers were uniformly successful, when the ii;- 
fectiou was made upon the cut surface of a tuber. In unwounded tubcjs 
although the fungus spread over the surface of the tuber the external corL 
covering was .siifhcient in many cases to prevent penetration. Sometime- 
however, penetration took place through the eyes, or even through the lenti- 
cels. The same lesults wane ol)tained whether the fu)\gus used for inocul,,- 
tion had l)een isolated bom a diseased pidato or from the betel vine. 

(:i) Suran [A ntorpho phallus camp^nuhlu^). This crop is. in Pootui. 
frcujuently damaged by deslruevs; the conns rot ciimpletely in the soil airl 
the shoots die later (Pi. IV. fig. 1). In culture the fungus from suraii is 
iiidistingiiishahle from that of the other hosts ujkI inoculations gave similar 
results to those on the j:iotato. In every case in whicl] the outer surface ot 
tli(! ('ojuii wa.s wounded before making the infection the fungus establishnl 
itself ra})idly and the death of the host soon took place. If, however, the outer 
corky surface of the coj'm were unbroken successful infectiojis were rare, 
Cross inoculati(jns fi’oin potato ajul betel vine yiedded the same j'esiilts. 

(1) Imcenic {Mcdicafpj saliva) has been found suffering from R. 
at Surat, but tJie damage was not extensive and the parasite is unusual on tin.- 
host. The fungus attacks the plants at the collar, settingup a rot of tlie slojii 
and leading to rapid death of the aerial portion. 

(o) Groundnut {Arachis kypoywa) has also been observed to sulTei* from 
R deslnu'HS when S(jwn on land which had previously borne a RhKodoaia in- 
fected potato crop, 

(0) Rice {Ori/ia sativa). Although R. dcslracK-s is not a( prescut known 
as a parasite of rice in India it has been collected on this host in Java din ing 
the last two years. 

in November. 1913. some rice-seedlings, with brown mustard-seedlike 
sclcrotia fornicd on them at the collar, were collected at Buiteuzorg. ,)avii. 
The rice-seedlings were dying in large numbers, presumably as a result of tin 
attack of tliis sc lerofcium -producing fUngus. 

TIlc .sclcrotia were used for obtaining pure cultures on glucose-pejjtom- 
agar medium, with the result that a fungus was obtained which was imli^-* 
tinguisliable in any particular from the Rhi:odonia dedrueHS on betel vim' 
and suran ; ]io spore form has been obtained though the fungus has beeji in 
cultivation for over a year. Some inoculations \vero carried out witli piu'' 
cultures from the rice sclcrotia on suran, potato and rice as hosts. 'I’lm 
two foi'mer hosts were successfully infected but the results with rice wciv 
incQuclusivo. 
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Several aclerotia-forming fungi are known as parasites of ♦ tl\e i iee 
but up to now all have been members of tlio genus Scfcmfifnti. namely. Srlav- 

Oryzo> Catt., Sckrotinm glumafe Ces. and ^Sdewfiitm irnyuhnr Miv,. 
.met can easily be distinguished from R. dcdrwtf.s- Tass. The most l eecmt 
work on a sclerotial parasite of paddy is that of Van dev Wdlk- i'vjnn Java. 
From this author's description a)nl figures it is not possible t(» form ane elear 
picture of the characteristics of the scleiotia and myeelium of his fnnmis, 
which he has elevated into a now speeies under the na?ne Srie/vhiatt oiHitir^n Km. 
Van der Wolk also states that two spore forms, one a speeit'S of . Uvol)ul,i>i. wma- 
(‘ouuected with his selerotia) fungus; as howcvc)’ the evidence <>?» w];i<-)i this 
was based was derived from cidtures consisting of patis of nnting vegt'table 
matter, from wiaich it is admitted that sapropliylie l>act(n'ja wore not exchidin]. 
If is dihicult to regard the author's point as satisfaetorily e.stablisln'd. 

There is no evidejLce of any speciali/^atioji in the parasitism of R. dc^O rO'CA. 
(.Voss inoculations w'itli the form from one host plant on to anotlnn- hosf w(n‘(‘ 
invariably successful. Delphiaiwn is susceptible to the attack of all forms 
and successful inoculations on unwounded plants were obtained witli R. tlr.<^ 
(f((ens from betel vine, potato and lucerne. On potato and sunin thr finigns 
appears to be a weaker parasite than on betel vine and Udjihinium : llie fonnn 
hosts requiring a wound in their siiperiicial tissiies before the fungtis can 
penetrate. Jowar seedlings are also attacked f)Y R- dcdffitHx and inoeulatioiis 
in the laboratory gave (i0% of deaths ; moreover a basidiomyaa^le i‘(‘S(*ttiblijig 
a Ilypochnus was found associated with the Rhizoctoma on the jowar. In view 
of the couucction bctw'cen other species of Rhizodofda and the genus C-orhrafur 
this result was very suggestive, but, unfortunately, all attemjits to irpeai 
(liis experiment from the point of view of producing the basidiomvc<‘tc, 
were unsuccessful. 

Methods of Trkat:uext aoalnst Rh / xoc ( tini <( Djseask. 

Fungi such as RJnzocUmki possess a niethiMl of jM'reimating Irom one season 
to another by means of their sclerotia. It is theivforc inqiortant to olita'm 
some idea as to the lojjgevify of the seJerofia. The .sebu'otia o) R. <lrsliffnf>; 

1 Shaw, K. .,). In ‘‘Sv!orn»i-U Dis, >.l Ul.c." -he A- /"'A-/, Hut. 

Vi>l VJ, Xo. :k J{H3. 

Aliyukt.*, 1. SUitlicii ulivr dor IM/r dn Ut^nflan/.o in .laimii. Jv>‘r!i. .liyoV., 

Tolio, iUiO. 

2 Van dor Wulk. l\ C. Wiizo>^iilhRUi fuhra (n. -nu m ^1^0.) a hy-tniit lonii of A^aMu- 

jx'.irauKma (nov. spoc.) and its with l)o> h I'ntium (liM-iuo " <.l f-ortfim toipic.-ii 

(iiltivalc'd plfuit:^ {f>d(rotIirm Mijcuhfji-'nhc CDifmlhhitf lid. I\ . Hli . •>. -Ihik', 

^ ItoHs, (’ftliyhi'idjic, .Slia\^. he- cii. 
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have beeu fouii4 to germinate wJien about sixteen months old, but scleroti,. 
kept much longer than this ^reneraJiy failed to germinate. This suggests th:i’ 
rotation of crops, and avoiding a /iVo^oc/o/od'Susceptible host fora.few seasoji- 
inight be a useful pi acticu'. but extensive experiments are necessary to osial - 
lish the utility of this jiiethod of starving the fungus out of the soil. Melhoii> 
of sterilizing the soil which may be praclirable in the laboratory or soetj 
nursery an', hardly ever possible in general agriculture ; since, ho^Ycver. 
J{. (Icstnien.i is a parasite on and Dionilim it might be wortli 

using a soil fungicide in such cases. 

\hirious methods liave been used to sterilize soil against Rhhoctonin. 
Jn tin* ])i'evenlion of damping off of coniferous seedlings, due to Ithizocfoiiiu o? 
Pi/fJuHiii, th(‘ use of commercial sulphuric acid as a soil fimgicide i.s recommended 
hy ii iiiunijer of authoi's’ ; the best strength seems to be a solution of 1 oz. iti 
1 gallon of water applied at the rate of 3/lG oz, per square foot. Formalin is 
rd'ten used as a soil fungicide.-' tiie strength of the solution is conmiercial 
formalin 1 pt. uater dO pts. at the late of I gallon per square foot, and 
Salmon’' and Erlkssoid botli suggest the use of a solution of phenol, hut 
sterilization by heat is undoubtedly one of the most efficient methods. In 
the ease of seedling beds steam sterilization by the inverted pan method is 
strongly recommended by Johnson-, but the loss troublesome and expensive 
formalin treatment would probably be preferred by most people. A marke<l 
instance of the sterilizing effect obtained by heating the surface of the soil 
is [Movided in tlie raising of fohacco seedlings in Piisa.’* It has been found 
that in seedliijg beds which have been so treated th.e plants are practically 
immune from a destl'ueti^•e dam])ing off duo to a fungus which, under certain 
conditions, does great damage. There is reason to believe that thi.s particular 
disease is due to R. Sohtni Kuhn. In all cases of sterilization of soil by formalin 
or bv steajii it is necessary to remember the secondary efieefs which may arise 

* S]>!Hiliruri, P. “ TiViU incut uf (laiii|'iiiu ull i!i (.Hiiiici'uiis .‘ccului^s.’' I . S. Dej)!. Atirir. 
Bure't'i of Plont ln(lu<trij, Cir<'. N'n. 4. lUOS. 

Uiullcv, Cai-l. “ ['.sc ut r^uil liiii^icidcs to }UTVCiit (.luiiipliii: uiT in couifcrmiis seedlings. ’ 
/Vm'. A/iitr- ^ ul. \itl, ml-. 

Kva’iiicr, II- “ Dilute m-id uh a InuiLiicidc. " ri\c. Aunr- I'/dL Stx-., Vt»). XLV. 

I auti. 

i .IdliMsiiii. <!. '• Cuuintl id dantj’iiw «’ti in PlinU teds,'' A<jric- li.r j'f- Slo. Viiir. Il'i-sroA-soi. 

nx/f. :;i. iiti I. 

3 S;ilinitn. !*!. ('hrotl d'/c ll-U’ I- I'^nS. 

+ Eviksxdii, .!, Idni'jc Studicn iil'cr W'ui ^cUriUT, Cci’iiall’/dlf. /. fl'il.l. i'njwrY. .//' 
J'ktUn‘d'ro„l. N nl. X. mail. 

Mloward, A,, uiid Howard, h. 0. " Improvement of ^'olacco OiliiTation in liibar.” 
Pitlt. No. oU, y,V. Iiisi.. Pusn. 
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i:i soil SO tfeatod.^ In the cultivatioii of paddy in sojih' parts of the 
iioinbay Presidency the pmctice rd’ “ rahhiny/'- that is of hurnin^tiie surlaei' 
liivers of the soil by spreading hre wood and i'ubl)isii and ignitiiig it. would 
.,<.t be, without some sterilizing eilect and might perliaps l)e extended with 
;,dvantage to the preparation of land tor betel vine. 

With crops such as potato and suran. in wltich jantimis of stibtorraueau 
^(luus are used for seed purposes, there is always the jxjssibilify of sowing 
tuber-s or conus which have sclerotia adhering to tiieir surface, lu these 
rases treating the seed with some fungicide is a cheap and eliieient met hod of 
lesseiiiiig the chances of infection. Tiio effect of (auTosive sublijuate and of 
foriualiii as a seed dip wa.s deterniiiied liy steeping sehnolia of J{. desYrae/rs 
for 'ii hours in each and then trying to germinate them on w('t l)lottiug paj)er 
iUid in culture tubes. 


Fnnginide.s 

.Stretigtli 

III suit 

Corrosive Sublimate 

■ 

l-n 

no 

11 ,, 

No ^deiotia Reriiiinatea. 

Formalin 

•Many gennituted aftm- (i (iays, 

M 

(l-io „ 1 


U'l'J ., 

1 

All germinated alter ’2 days. 


The' juimber of sclerotia used iti each ease was about 50. Jn tlu' controls 
With untrealrxl sclerotia all the sclerotia geiJiiniated iit two days. Sohitiou.s 
of copper sulphate prox’cd unreliable as a fungicide' m the ea.se oi li. <l<s(i'nrns\ 
and sclerotia which had been immeised for 2 hours in 5, 2',7. J'25 arid 
copper sulphate all germinated in from 21 to !8 hours. The faiinreol tlm 
copper sulphate may have been <(ue totiie inability ol tins solution to |)ejK'- 
trate to the interior of the sclerotium ; accordiitglv. t Ik' c-xperitticiit was re])eated 
with the ditference that the vessels containing selenjtia immeised in solutions 
of copper sulphate were placed under an aii' pump, at llie sanu' time of 
course a control was carried out under noniial atmo8])lu'rie jiressnn'. I nder 
reduced pressure 5: 2’5, 1‘2‘bj co])])ei' sulphate prevented the g(*rmiuation oJ 
the sclerotia, but O', 5% was not .strong enough, and, in tids ease, germination 
took place. Ji\ the eoiitrnls under normal alniosjdierie pressuo' germiiiat ion 
took place after treatniejit with O'o and but not aitei’ tieutiiieiit with 

5or2’5%. This result differed frojn tliar obtained in 11m tirst exjieriiiient . in 
which even the sclerotia whicli Itad been ijiimer.sed in 5'^, C'nSo, germinal <*<1, 

' Ku!is(.‘U & LVlliy lioni'!. /.fif-Ynn, Will. p. t'.H'’, 

2 Mann, H. H.. Joslii, X. V., A' Kmiitkio. X. V. ■■ lUih sysinn uf mr enhivatiMji in 
Western Iiiuiu.'’ Mem. D< },l- Ijutin. Clu.iineut .ririt-', \'<h, il, Xo, n-, In !-, (nl:' 
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but tbc ] elativ«ly greater efficiency of the copper sulphate in the scciaj.l 
expeininent was ])robably due to Ihe fact that the sclerotia used were i'atli< i 
youiiger and possibly did not possess such a ^vell developed outer protectt\,‘ 
layer. 


.Strenglti 

of 

Gopyer Sulpli. 

[ OM soiyn tia 

Normal atmospheric 
! pressure j 

S 1 

Yoiiiip sclerotio 
Normal ptnicsphciic 
prcssiive 

1 

You 11 " .selerotia 
Under vacuum 

,r() "0 .. ' 

UorinitiaUd in 48 hours' 

No ^eniunatioii 

No gcriniDatioii 

12 ... 1 

1 

,, ,, 24 houi s 1 

Germination in j 

4S hours. j 


03 „ ,, ' 

i 


1 

" " 1 

Very slight geiniiii;i 
tion. 


It is evident from these experiments that copper sulphate in strengihs 
[)elow 0 % can liai'dly be enusidered a reliable fungicide against /?. (hfitnu /.s 
and on the whole treatment with a solution of covrosivo siil dimate is pi'obahlv 
the iiKJSt efiicient method of hilling sueh sclerotia as may adhere loa potato 
tuber or suraii conn. It should always be reinembered tliat treatment witli 
a fungicide is intended as an assistanee to. and not as a substitute for, hygienic 
iflethods in stoi'ing. 

This result agrees with the coiulusions of .Imerican iuvestigatois wlm 
have done extensive tield experiujents on the treatment of potato tubers 
againt Wiizodonia disease. Kolfs' found tliat the corrosive sublimate treat- 
merit im|)l■o^Td the ajifrearance of the crop and gave marked gains when the 
treated seed was planted on new lantis. i)ro\'ing much more efficient than 
treatment ^^•ith formalin. The ^^■ork of Giissow- and of ilc.Upine’* also 
boro out this conclusion, while Gloyer^ has found (hat neither forma IdeJi\ dc 
gas nor formaldehyde solution can be depended upon to kill Rhizoctonia sclero- 
tia, but that treatment with 1-2000 solution ol cnrrDsive sublimate isarr efficient 
fungicide against Hhizuchttia ; with fojmaldehyde gas according to Glover 
there even appears to be some danger of injuring the potatoes. On the otlif’r 
hand other investigators'' recommend the formalin treatment or a lime sul- 
phur wash as a fungicide against the “dry rob' of Irish potatoes which is due to 
Famriurn luha'ivonon. It is unfortunate that these workeis did not make a 

I ilcilb, y. .\l. he, fit. 

i diiijsow H. T. Canada lixft. Farm Beports, 1012, p. 2Cy. 

S McAI|iin!>, D. Fungus Diseases of Potalo in Australia, 1011. 

* Glo.u'r, \V. 0. yew York Agric, 'Expt Bull, 3('0, 370, 1013. 

* J'J. Wilcox, G. Link & AVuiis W. Pc-ol. " Dry Rot of Irish potato." Ball. ] Agric. KsF- 
iyla. Bcbraeka, 1913. 



SHAW AND AJflEKAR 


i^ii 

trial of corrosive sublimate as it would be a ,ui‘eal advanta>”e tn olHain a 
tucthod of treatment whicli would he equally ellicient agaiiml both 
a!ul Rkhoclbnia. In this connection wo. nmsi note that yet another [lurh- 
cide is recommended by Shevbakoil ' in the treatinent of potato scali. 
Siierbakofl states that mixine' siilpbur with the soil, at the rate of bho .qiKi |bs 
jM.u'act;e, has a marked effect in checkijtg this disease hut if [s hv no Miemis 

certain that the, after effects of the sulphur on the fertility of lln- soil aiv riot 

more to be dreaded than the loss due to any disease. On tlie other hand a 
seed dressing of naptbalene' appears to he an (‘Hicient and Imnnli'ss rmnedv 
esjiiinst sore shin in cotton. 

There is an apparent discrepancy in (h(‘ iibove account hetwcmi the 
re.sults of tliose. investigators (J(dinson). wlto found foiaualin an ellVdivt' sih! 
fungicide and those (Rolfs, (dissow. (Jloyer) who found that il was mh so 
eificieni as a disinfectant for potato tubers. It is necessatw to InMc in mind 
that Johnson worked with a solutioiiof I pt. fonnaliu in ot) pts. water and 

that Rolfs and Glover used a solution of 1 pt. formalin in 21fl pr.s. watin-. 

Gur experiments have shown that formalin solution of a .strength lielow >)■•')% 
eaimot be trusted to kill sclerotia of i?. dcs/rnca-v but that coirosive suldimate 
in strengths of I pt. in 1000 pts. water is a ladiable fungicide. In reeotti- 
mending mereiirio chloride as a disinfecta nt for j)r)tatf) t u hers I before .st mi 
it i.s necessary to bear in mind that potatoes so treated cannot i)e safelv u.sed 
for hinnan consumption and the treatment is therefoie only suilablc in the 
case of tuimrs which are intended fbi' seed purpos('s. Giis.sow and Shntt-* 
liave show’u that 3 lbs. of potato tubers (13 tulnu'.s) treated ff)r 3 hours 
with I'i^OOO corrosive sublimate solution wall take u]) from the solution 0*0.3 
gm, of mercuric bichloridCj which is six times the maximum oflicial do.se 
ill medicine; potatoes which have been so treated must thmefore Ih' reyni<lci! 
a.s non-edible. The vem' materia) reduction iu .stnmgth of the .solution 
shows that the solution must be.renewed fairly often, it is [lossible that the. 
neglect of this precaution accounts for the supposed failure of i-onosivc 
sublimate to prevent the reappearance of disease in certain cases. 

Sifb'lonal ie. 

In the case of a genus .such as Rhiz(X-(oni((. which is identified by its vege- 
tative characters, it is always possible that we are di'aliug with an artificltil 
group of which the different species are vegetative stages of widely sepamfe 

1 Sherbakeff, C. D. Corned Vniv, ExpU Hia.'Bvd, :1V0. I‘il4. 

2 liaUs, W. L. '‘Physiofogy nf simple parasile.” Y ior-hr>ok Klmh Afjrit.. Noc., ia0.*)-0t'. 

» Giissow, n. T. Canada Expt. Farm Reports, 1912, pp. 200—2. 
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liin,"j HH(1 i)t wMoli Hio uiorphologic-iil siniilaiities between the species liio 
; tli(‘ sIikIv of R. A'n/)/' npp(‘}iis to fnriiisb an exairiple of this. 

(/[ /irnssicff was disonoerefl by Frank' in ]879 whioh, in 
i‘}T{‘(.‘ts iqK.'n the Isost plant, appi'ais tf» be indistinguishable from that \vhi> .. 
we have attributef! (o R. ^y|pi ^\>st. Tlu' t'ungtis consisted of a dense wliio' 
inyeelium with largf' Idaek selerotia which, in section, showed a white interiiO' 
siirnmnded hy a Idack outer layer ; the spore form was the well-known liolnjii.-i 
citK'trif IVrs. Comparing the description of the selerotia of R. Napi ^V(•^ 
with tlio selerotia of Frank's fungus one is forced to the conclusion that the 
tW(> fimgi are the same and that they arc identical with the fungus describivl 
in this paper. It follows from this tliat the spore, form which we obtained 
is Bob'fftis cinerea Fers. and the eriticism will at once arise that this form 
(PI. V, figs, g, 1) difloi's w idely from that which normally occurs in the specie, 
[thas, however; been shown that the morphology of B. ci/wrea is closely depen- 
dent on tlie composition of the mitrieiit medium- and a variation of the 
normal form is known (Reauvei ie et (Kiilliermond. p. ‘ASl . fig. 0) which agree.s 
exactly with that figured on Plate V of this paper. Additional proof is fur- 
nished by the fact that another variation from the normal form of Bofn/lis, 
in which the swollen ends of hyphae branch in an umbellate maniie.r (shown 
in Fig. 1 Rcaiivej‘ii‘ et Guilliermond) is also coinmoji in our cultures. The 
normal method of lirancliiiig which occurs in the hy’^pha) figured in this 
illu.stratiou (Fig, 1, i^cauverie ct ibiillicTnumd) i.s almost typical of Rhkwhwui^ 
Frank .states that the .sclei'otia of cinerea will germinate in damp 

,saud and give rise to the ajrotliecia of Scleroh'nia Liherfimia Fuck. ; up to the 
present selerotia of our fungus have not produced any apothecia. Smitlf 
throws dou.ht on the connection bctweeir B. cineira and S. Liberiinna but 
Istvanfti ap])ears to have olhaiiu'd satisfactory evidence that they arc diftVrent 
stages of tlie same fnngiis. 

There is a large and convincing body of evidence (Eolfs, Giissow, Bhaw) 
which shows that the fertile stage of at least one species of Rkizoefonia is a 
basidiomycete of the genus Corticiiiw: : from the present paper, however, it 
appears that R. Napi has its fertile stage in a totally difTereiit group and that 
its inclusion in the genus is an error. In brief thi.s species furnishes an instance 
of the fact that the genus Rhizodonia, as constituted on purely vegetative 

' Frank. A. B.— Kamijlfucli diV Schlidlinfrc nnseror Fcldfnichtc. .Brrlhi. iS07. 

p. 27U. 

2 Bcaiivoric. T. ct GiuHu rinniid. A.— Ktnde muv Ir. f,ti'ucturc du fhirj/tis {‘Aicr'"- 

Ceiilrdlhb Parmit’ Vol. N, 15)0;}. 

3 Smith. B. E. Botrytis and ^Scf(rofi»i(l. Hot, Qaz. June, 1900. 

Paraaiti-^m of Botnjtis BqI> Qhz, June, 190^. 
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diaractei-s. is an aititicial ^rroup, It will proha hi v U' hotti-r'ti) hioit ih,' us.' 

,•! the .nanio to 1 lio s(‘h'rotiaI sfa^ios of ihos.' wit ha pri-tiri sl.mc iu tlo’ 
Coiiia'iiut. 

Tlie point in which we tlihcr widely i’roin other woikets on this jromis is 
in the facility with which t1iev have assumed that tlie ..n potato 

ts always to he idontiliod witli R. Sohmr Kiilim Tlu' jiraetie.' nf midtiplyim: 
the species of a genus according to the nnniher of hosts on whicli it is parasilie 
!ias been responsible, in some genera, for a great deal of nnneeessaiy complexil v. 
})ut the converse process whereby ditfei'cnt s])ecios of a getnis, all jtarasitie 
on the same host, are referred to under a single speeilie name, di'iivt'd from 
the host, is equally confusing. Tlie naming of a speciies after tlie host 
plant on which it is parasitic {e.f/. R. Solani on Solrnn/m (nhnostnn) is apt to 
give rise to an attitude of mind which atitomatically refers tliat genus, when 
parasitic on that particular host, always to tlie one S])eei«'S. In a juevions 
publication we have given reasons for believing that the fungus R. Sohini 
Ivuiin is identical with the form of Rfuzocfoiiifi having small black seh'rofia. 
resembling perithecia (Pi. VI, fig. 2). and is distinct from tin' sjx'cies with 
large brownish aclcTotia which has a fertile, stage in thi‘ ginms ('<>r(irlii)n. 
R, (lestniem Tass, is also a distinct and separate species, its parasiti.sm on t)ic 
potato and on Uiccrnc being merely one phase of it;s activities, while R. .Vn/n, 
with its spore form, is a tota.lly ditt'ereut organism. 

The species of Rhizoclotiiu which are known in India are tlun-efort' as 
follows : — 

(1) H. Akfp/ West. Sclerotia large niegular fiodios about M-12 mm, 

broad, black on outside, flesh coloured on inti'iior. This spisT-^ 
should l)e ]'emoved from the genus Rhrjyctotna . as it appears to 
he merely a s}’nonym for Bohifd.'i. 

(2) R. deafi-Hnifs Tass. Sclerotia roughly spherical about 1-2 mm. in 

diHMieter, brown oir outside, white within. 

(3) R. Solani Kiihn. Sclerotia small black bodies resembling [)crith<‘cia 

of ail ascoiiiycete. R. Madicfujini'S \). C, is almost certainly 
the same fungu.s, 

(-Ij Rhizor/onm sp. This form has Carl icB.nn aajiun as its jierfect .stage, 
its parasitism iu India lias been described in a previous com- 
munication.^ The sclerotia are iiTcgular structures 2-o nim. 
in diameters dark brown colour both on exterior aud within (cl . R. 

the mycelium w^hen old becomes of a reddish lirown 

‘ tShaw, F. J. F. U\c- 
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c'olfiiir. This last form, wliieh in India is parasitic upon Jironm;. 
luit and cowpoa. and which bears the very closest resenihlai,. 
to t}i(‘ fftfiiorhiiiift doscribod by Stevens and Halb hs parasitic 
upon (|inn(’(>. appears to.be that which Kolfs, OiLssow, I*el!i\- 
lii'idfie'" have idontilied with /t*. Solani Kiihn : we liave givi ii 
ivasons elsewhere for differing from this identifreatiivn and indenl 
suggested that it might be /^ Tnss.. a suppositi<)n now 

obviously incorrect. 

'riie following is a list of the principal host phuifs of Hhi:oc(o)iio in India : 


/;, Solaiii Kiilin. 

P. dcslraaus T 

:iss. P. Xfipi \V(‘st 

(dru ftcium 'catf}}/;, 

H, k C. 

on 

on 

on 

on 

.1 !t/sii(trpas 

A r((ch is hjj ptu/acci A rna ra nth us trist is 

/l)yir/e/,s‘ hgpogueti 

A raclns hf/jWjjaca 

/I morphophallas 

A rgenio ) i e n ? ej'ica n<( 

Solanvm fuhern.<>i„i 


cam panulalas 

A vena saliva 

T mchosanthes 

{ 'arica pa pfnja 

Delpkininm 

Bela hengaloisis 

cururne.riva 

Cih alias 


B rass icn ca mpesl vis 

Vigna Catkoig 

viilffaris 

Didiithus 

var glauc<f 


Corel} orns 

Medicago saliva 

Calawintha 


ropsalaris 

Piper hctlc 

Cannabis saliva 


Cvotalaria jaiicca 

Solanum 

Chenopodiuni album 


Cucurbita maa-ivta 
Doliclws hifJoras 
Doliclios Lahlo.h 

(lossj/piicm 
// ibiscus can iathin as 

liihcvosa)/i 

Cicev arielinum 
CnicKs arrensis 

Fu maria parvijlora 
Honieum valgarc 
Lalhgnis sativas 


Lyenpersicaw csc}il('af)}}ii 

Medicagp saliva 

Le)is escidevta 
Leucas 


oUhi 

N i CO liana T a ha cam 
Phaseohis banal as 
Phaseolus Mungo 
var mdio f us 

Sesarn um in die a m 
Solanvm M(4<)7}gena 
Solanum taherosnm 
Vipia {'alian<i 


Lin >}m usitaiissi }n am 

Med icago 1 }tp}dina 

Pisjon saliiatm 

Bco'paria duJcis 
• I'riticum vidgarc 

Vicia hirsuta 

Agricultuual Resfi.^kch Instetttte, 

Pus A, 



March, ]9l.o. 


> Stovens and Hall. "Hypochiiosc of Poinaceous Fruit Ann, il/?/ce/. Vlf, lOnO. 
* Bolfs, Gfissow, Pctliy bridge, loc. cit. 



DESCRIPTION OF PLATES. 


l^LATi: 1. 

Fig. 1. Gram plants infectod wit.li ii. ynpi Wosl. 'I'Ik* iiiiVct^Hl jirntion of tlu' 
plant is light in. colour, a growth uf myoi^linin is visi}>|o on port ions of 
pods and stem marked '' a '. 

„ 2. Mustard plants infected with R. A'op/ West. One jilaut has rollapsed, 
the white fluffy gro^\tll of mycelium on stems atul leaves i.s rleiivlv 
visible. Infected portions, marked ‘‘ a '' show while iiivceliutii, 


Jh.ATj': II. 

Fig. 1. Camiahis mliva infected with /f, Kupi West., infected portion marlicd 
“ a shows white mycelium. 

,, 2. Section of sclcrotinm of R. Najti West. 

,, 3. The same showing the oiitci' layer of Ihick-walltMl black fsh cells. 

Pl..V['K 111. 

Fig. 1. Delphinimn infected witli R. rh-vZ/ ccc-s' Ta.ss. The plant on tlm liglil has 
roilap,sed at point of infection; llie manner in which the niycclintn 
forms white strands both on tlie soil ai\d on tlie ]>lant,s is cleaHy shown 
in this and the next photo. It is iiidfcatcd by letter a 

,, 2. Piper infected with 7?. rfe/rnc/cs' Tass. Mote? the mvcelium (‘'a”) 

and sclerotia spreading on the soil. 


Plate IV, 

Fig. 1. Conns of suran infected with R. dc.sPvnocs Tass. W liite growtli of fungus 
{“’a ’■) is easily visible. 

„ 2. Potato tuber covered with growth of R. dc.sPoc/i.s Tass. 

„ 3. Potato stem covered with growth of R. dei^tnaum. Scleiotia are very 
numerous in both these photos of diseased potato. 
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Plate V. 

Fig. 1. Hypha of i?. Napi West, x JIKX). 

„ 2. Fertile hypha with spoi es — R. Napi. x 25(). 

,, Coaidiophore and conidia— /?. Napi, x lOCK). 

„ 4. Fertile liyplia in organic connection with hypha of R. Najn West, x 250. 
,, Tj. Section stem of Dclphinivm infertetl with (Jeifintenn Tass, x 375. 

Pl.ATK VT. 

Fig. 1. Culture of R. defitruejis Tass. from betel vine. 

„ 2. „ ,, i?. >S’o?nvo' Kuhn from potato. 

„ 3. „ „ R. Nap) West from mustard. 

4. ,, ,, Sclerotial st age of CoRiaam va(jum B. & C. from cow'pea. 
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